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1	Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed [1].  In this WI, one objective if to specify two TAs for UL multi-DCI based multi-TRP operation.
We note that enhancements to the TA handling is discussed also in the mobility AI, as part of the specification of LTM (L1/L2 triggered mobility). In this contribution, we discuss how to support two TAs for multi-DCI based multi-TRP operation, and we will sometimes refer to the corresponding functionality for LTM.
[bookmark: _Ref178064866]2	Discussion
So far, only one scheme for TA handling is specified in NR. This is clearly advantageous, and it should be a target to maintain one solution for TA handling also for the features specified in Rel-18. Since we are aiming to design one scheme for TA handling, we should avoid defining the solution based on properties that are only available for multi-DCI multi-TRP. Otherwise, it would effectively rule out reusing the solution for other use cases. Hence, we propose
[bookmark: _Toc135036595]Do not design the two-TA handling on properties that are only available for multi-DCI multi-TRP transmission.
By designing the solution based on properties of the individual signals, rather than the specific transmission scheme, the range of use cases that can be supported increases drastically. For example, it may become possible to support single-DCI based multi-TRP, e.g., STxMP.
In addition to the Timing Advance Command MAC CE, which performs (small) relative adjustments of the transmission timing, it is also necessary to perform an initial, larger, adjustment of the TA. RAN1 made the following agreement and conclusion:
Agreement (RAN1#110bis-e)
For multi-DCI based Multi-TRP operation with two TA enhancement, support enhancements related to indicating TAG ID via absolute TA command:
· FFS: whether the indication is implicit or explicit
· Detailed indication schemes are FFS
· This does not preclude indication of two TAG IDs (if supported)
· Note: This applies at least to MSGB in case of C-RNTI

Conclusion (RAN1#112bis-e)
For multi-DCI based Multi-TRP operation with two TA enhancement, how to indicate the TAG ID via absolute TA command MAC CE is left up to RAN2:
· One of two TAG IDs configured in the SpCell can be indicated

We thus note that the TAG will be indicated in the absolute TA command MAC CE, and that the details will be handled by RAN2:
[bookmark: _Ref134601890][bookmark: _Toc135036591]The absolute TA command MAC CE will include an indication of the TAG.
Sometimes, it is stated that the absolute TA command MAC CE can only occur in MsgB, i.e., as part of a 2-step RACH procedure. It is true that the absolute TAC MAC CE was introduced during the specification of the 2-step RACH, but there is no limitation on the use of the TAC MAC CE. In fact, 38.213 states:
A timing advance command [11, TS 38.321] in case of random access response or in an absolute timing advance command MAC CE, , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is .  is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response or absolute timing advance command MAC CE.

[bookmark: _Toc134525784][bookmark: _Toc135036592]The specification does not limit the use of the absolute TA command MAC CE to MsgB.
The potential limitations are more on the UE feature side: the UE cannot report that it supports the absolute TA command MAC CE as a standalone feature, but from a specification point of view, the absolute TA command MAC CE is supported for any purpose.
2.1	Associating different TAs with different UL transmissions
The following was agreed in RAN1#112:
Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS

There is a need to clarify how the association between the TCI state and the TAG ID is defined. In AI 9.1.1.1, there has been agreements on association between indicated TCI states and CORESETPoolIndex, for example for PUCCH: 
Agreement (RAN1#112)
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported
Agreement (RAN1#112bis-e)
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded

Hence, the first and the second indicated joint/UL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively. We do not see how this would impact the agreement on TAG ID to UL/joint TCI state association. 
The most straightforward way to handle the association is to include the TAG ID in the TCI state. This association would also be future proof:
[bookmark: _Ref134947811][bookmark: _Toc135036596]The TAG ID is included in the TCI-State and TCI-UL-State. 
The agreement contains two sets or brackets in the third bullet:
There is a bracket around “activated”. The restriction that a baseline UE expects a relation between the CORESET Pool Index and TAGs is introduced to facilitate reuse of the UE CA implementation, where there is a relation between the TAG ID and the CC. Such a relation is maintained also if “activated” is introduced in the description of the baseline UE.
There is a bracket around “of UL signals/channels”. This seems to be a good clarification.
Hence, we propose
[bookmark: _Toc135036597]Remove the brackets around “activated” and “of UL signals/channels”. 
During RAN1#112bis-e, there were comments that there are signals that do not follow the unified TCI, and the corresponding TCI states do not need to be activated. However, in our understanding, there should not be any restrictions for the transmission for such signals. For example, cross-TRP triggering of SRS should be possible, as depicted in Figure 1.

[image: ]
[bookmark: _Ref134541002]Figure 1: Cross-TRP triggering of SRS. TRP1 schedules an SRS transmission towards TRP2. The SRS resource has a configured TCI state. With a reasonable definition, the SRS is “associated” with CORESETPoolIndex=0, but the configured TCI state of the SRS resource will have a TAG corresponding to CORESETPoolIndex=1. In our understanding, the above should be supported.
We note that the same brackets are present in the working assumption in the fourth bullet. When confirming the working assumption, we also propose to remove the brackets:
[bookmark: _Toc135036598]Confirm the working assumption with the following update: “A UE may report that it supports that the activated UL/joint TCI states of UL signals/channels associated to one CORESETPoolIndex correspond to both TAGs”. 
During the discussion on a potential confirmation of the working assumption, there were remarks that a deployment where the restriction is removed would not be a multi-DCI scenario. To explain why this would still be a multi-DCI scenario, we refer to Figure 2.
[image: ]
[bookmark: _Ref134541618]Figure 2: A multi-DCI, multi-TRP scenario. Communication is always performed from two TRPs, each associated with different values of the CORESETPoolIndex. The NW can change between TRP1 and TRP2 by changing the indicated TCI states of the UE. With the baseline restriction, MAC CE must be used to change the indicated TCI states. Without the baseline restriction, one set of TCI states could be activated for CORESETPoolIndex 0, and DCI could be used to change the indicated TCI state.  
With any reasonable definition, the deployment depicted in Figure 2 is a multi-DCI multi-TRP scenario. There are multiple TRPs involved, and the signals are always scheduled using PDCCHs associated with different CORESETPoolIndex. For a baseline UE, the indicated TCI state must be updated using MAC CE, but for a UE without the restriction, DCI can be used.
The agreement describes how to handle the association when the unified TCI framework is used. The association builds on the structure to describe physical properties of the transmissions in the TCI state. The solution is very elegant, since the TCI state is applicable for all UL transmissions, and it is easy to introduce the TAG Id in the TCI state. 
The final FFS in the agreement discusses how to handle the association when the Rel-15/16 spatial relation framework is used. It would be advantageous to stay with the principle to use an association that builds on a structure that describes the physical transmission properties of the transmission. However, a solution applicable to the Rel-15/16 spatial relation framework will be less elegant.
The straightforward solution is to associate the TAG Id with a spatial relation. The association between the TAG Id and the spatial relation can be captured in two RRC IEs: in the SRS-SpatialRelationInfo and in the PUCCH-SpatialRelationInfo. We would also have to extend the Enhanced SP/AP SRS Spatial Relation Indication MAC CE. Spatial relations would have to be formally introduced for FR1, which would have no impact on the existing functionality.
An alternative solution is to rely on the resemblance between power control and timing advance handling. We would then include the TAG Id in 
SRS-ResourceSet: this would control any transmissions of the corresponding SRS resources, and the associated PUSCH transmissions. This would require that two SRS resource sets are introduced also for multi-DCI based multi-TRP, which has been agreed for multi-DCI based STxMP anyway.
[bookmark: _Hlk131602699]PUCCH-PowerControlSetInfo: this would control any PUCCH transmissions. This would require that two PUCCH-PowerControlSetInfo are introduced also for multi-DCI based multi-TRP.
Both the above options are viable, and hence we propose
[bookmark: _Toc135036599]Associate the TAG Id with either the spatial relation or the SRS-ResourceSet/PUCCH-PowerControlSetInfo.
We note that physical properties of DL receptions, or UL transmissions may not necessarily be associated with the CORESETPoolIndex. This was described in detail in [5] , and associating the TAG Id with the CORESETPoolIndex would limit the deployment flexibility. For this reason, we prefer not to associate the TAG with the CORESETPoolIndex. 
On DL reference timing, the following was agreed in RAN1#110bis-e:
Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected

We note there is a need to define a rule to let the UE determine which DL RS to use as timing reference for each of the two TAGs. When the TAG Id is included in the TCI state, the association becomes trivial: the TCI state will contain a DL reference signal, either the RS that defines the spatial UL TX filter, or the PL RS. This DL RS could be used to define the timing reference for the corresponding UL transmission.  One DL RS is transmitted from one TRP, so the timing defined by a DL RS is the timing of the corresponding TRP:
[bookmark: _Ref101972857][bookmark: _Toc135036600]The timing reference for any UL transmission is the reference signal in the UL or joint TCI state providing the UL TX spatial filter. If the reference signal in the UL or joint TCI state providing the UL spatial TX spatial filter is an SRS, the PL RS for the UL TCI state provides the timing reference.
2.2	Enhancements to the RACH procedure
Typically, the NW uses the reception of a PRACH to determine a suitable value for the initial TA, but the legacy RACH procedure is somewhat inadequate to handle different TAs for different TRPs. Thus, enhancements to the PDCCH-ordered RACH procedure have been a large part of the work in the 2TA agenda item. In the foreseen solution, a PDCCH order is transmitted from one TRP, triggering the UE to transmit a PRACH preamble towards another TRP. Based on the reception of the PRACH preamble, the NW estimates the TA and sends it to the UE (for the correct TAG). This is illustrated on high level in Figure 3 for multi-TRP.
[image: ]
[bookmark: _Ref127260728]Figure 3: Obtaining initial TA using the PDCCH ordered RACH procedure for TRP2. Potential retransmissions of the PRACH preamble are ignored.
Figure 3 could just as well be taken from the mobility agenda item, where TRP1 would correspond to the serving cell, and TRP2 would correspond to a candidate cell. For LTM, it has been agreed to specify solution both with and without RAR, whereas for 2TA, the following agreement was made in RAN1#112bis-e:  Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support at least RAR-based solution where RAR is only received from a TRP that is associated with Type 1 CSS
· RAR based
· FFS: RAR-less solution reusing the solution agreed in Rel-18 Mobility Enh

Since the functionality is very similar, it would make sense to reuse as much as possible from the mobility agenda item in the MIMO agenda item, and vice versa. Supporting different solutions for LTM and 2TA should be avoided. Of course, the differences for the two cases must be considered.
Both for 2TA and LTM, the PDCCH order contains a pointer to a certain RACH configuration. The pointer is probably different for 2TA and LTM, but the principle is the same.
In LTM, there are no open issues for the specification of the RAR-less solution. The PDCCH-order triggers a single PRACH preamble, which includes an explicit power control command. The TA would then be provided to the UE in the LTM cell-switch command.
For 2TA, there is no cell-switch command. However, the extension of the absolute TA command MAC CE mentioned in Observation 1 could be used for this purpose:
[bookmark: _Toc135036593]The absolute TA command MAC CE can be used to send the TA to the UE for the RAR-less PDCCH order. 
We thus note that all the pieces are in place to support RAR-less also for 2TA: there are no additional issues to resolve. As always, RRC parameters and UE features are needed. Therefore, we propose
[bookmark: _Toc135036601]Reuse the RAR-less solution from LTM also for 2TA, where the absolute TA command MAC CE is used to signal the TA for the correct TAG. 
There is no complete solution for the RAR-based solution in LTM. What is being discussed is the format of the RAR, something that is brought up in the 2TA discussion as well. In RAN1#112bis-e, the following was agreed:
 Agreement
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, down-select one of the following alternatives:
· Alt 1: indicate TAG ID as part of TA command in RAR
· Alt 2: indicate TAG ID as part of PDCCH order
· Alt 3: divide SSBs into two groups, one for each TRP. If a SSB associated to a RACH procedure belongs to the nth group (n=1, 2), then the TA obtained via the RACH procedure corresponds to the nth TRP.

Alt3 is not consistent with the association between the TAG ID and the TCI state: since TAG IDs are not associated with SSBs, Alt3 is not complete.
Alt2 relies on an association between the PDCCH order and the RAR: the intention is that a RAR the UE receives after transmission of a PRACH triggered by a PDCCH order would map to the TAG ID in the PDCCH order. Since the UE can only have one simultaneous RACH procedure, this would be possible in principle. However, the solution is less robust, due to the implicit association between the TAG ID and the actual TA delivered to the UE.
Based on these principles, we prefer that the TAG ID is signalled together with the TA. This is how the relative TA adjustments work, and it would ease the understanding of the specifications, and simplify implementation:
[bookmark: _Toc135036602]Support Alt1: the TAG ID is indicated as part of the TA command in RAR.
The next level of details for how the TAG ID and TA is sent to the UE will be described next. In LTM, two options are described:
The TA and TAG ID are included the MAC RAR. The PDCCH scheduling the PDSCH carrying the MAC RAR will be scrambled by RA-RNTI
The TA and TAG ID are included in a MAC CE, for example the absolute TA command MAC CE. The PDCCH scheduling the PDSCH carrying the MAC CE will be scrambled by C-RNTI.
The issue on which option to choose would be more of a RAN2 issue. However, since RAN2 is currently not discussing 2TA, we provide our view here, also considering RAN1 aspects. 
The legacy RAR is identified by a single-octet MAC subheader, which contains the RAPID (the Random Access Preamble IDentifier). The RAPID identifies the premable that was used for the PRACH transmission, The content of the legacy MAC RAR is depicted in Figure 4 (from 38.321).


[bookmark: _Ref131435309]Figure 4: Content of the MAC RAR (Figure 6.2.3-1 from 38.321) 
As shown in Figure 4, the legacy MAC RAR contains an UL grant to be used for Msg3. For the acquisition of the TA of the other TRP, requesting a Msg3 transmission would lead to overhead, and it would not be clear what it would be used for, or to which node it would be sent. Also, the UE would never use the temporary C-RNTI in connected mode.
The absolute TA command MAC CE is depicted in Figure 5.  


[bookmark: _Ref134608528]Figure 5: Content of the absolute TA command MAC CE (Figure 6.1.3.4a-1 from 38.321) 
Comparing Figure 4 and Figure 5, we directly see that the absolute TA command is smaller. Furthermore, the MAC CE can be sent with other data, using all the bells and whistles of a PDSCH transmission: MIMO, link adaptation, HARQ. The transmission could occur in any slot: there would be no need to wait for the occurrence of a Type1 CSS.
Comparing the two solutions: legacy RAR based and absolute TA MAC CE based, it is clear that the solution based on a MAC CE is more efficient. From a specification point of view, it is easier to introduce a new MAC CE than to modify the MAC RAR. A solution based on reception using C-RNTI is also simpler to implement in the UE and the gNB. Based on this, we propose
[bookmark: _Toc135036603]The RAR for a PDCCH-ordered RACH procedure for 2TA consists of a MAC CE.
At the reception of the MAC CE, the UE would stop transmitting PRACH.
In RAN1#112bis-e, the following was agreed:
Agreement
For intercell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of which PRACH configuration to be used in the RACH procedure in the PDCCH order.
· FFS: Whether additionalPCI or a generic identifier is indicated in PDCCH order
· FFS: The detail of the indication in PDCCH order in terms of whether to support PRACH triggered for inactive additionalPCI.

Related to the FFS, the straightforward solution would be that the additionalPCI is used as an identifier. Since LTM may be configured together with 2TA, it would anyway not be possible to rely on a generic identifier:
[bookmark: _Toc135036604]additionalPCI is used as the PRACH configuration indication in the PDCCH order. 
In RAN1#111, RAN1 concluded the following:
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases.
Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature 

For the first FFS in the second agreement, we note that cross-TRP triggering assumes the PRACH is transmitted towards a specific TRP. Conceptually, there is little difference between intra-cell and inter-cell: the difference is the identity of the DL RS that identifies the TRP. Since intra-cell and inter-cell are very similar, we propose
[bookmark: _Toc135036605]A PDCCH order sent from one TRP can trigger a PRACH transmission towards either the same TRP or a different TRP also for intra-cell operation.
In current specification, a DL RS associated to a PDCCH order is used for pathloss calculation for a PRACH transmission triggered by the PDCCH order.  With cross TRP triggering, pathloss calculation should be based on a DL RS associated to the TRP to which the PRACH is transmitted towards, not the TRP the PDCCH order is received. We note that the PDCCH order contains a reference to an SSB:
Excerpt from 38.212, section 7.3.1.2.1:
-	SS/PBCH index – 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved.

In legacy, this field is used by the UE to determine when to transmit the PRACH preamble. We see that we can reuse this field to also let the UE determine the pathloss, spatial filter and subsequently its transmit power:
[bookmark: _Toc135036606]For PDCCH order triggered PRACH transmission, pathloss calculation and spatial filter are based on the SSB indicated in the PDCCH order.

2.3	Handling overlap between UL transmissions
UL transmissions associated with different TAs may overlap: the TA compensates for the difference in propagation delay, and if the UL transmissions are received slot-aligned at two different TRPs with different propagation delays, they cannot be transmitted slot-aligned. 
In [4], RAN1 received a response LS from RAN4 on the maximum uplink timing difference. RAN4 responded
For a UE capable of supporting Receive Time Difference (RTD) > CP, MRTD/MTTD value for FR1 is 33/34.6 µs and MRTD/MTTD value for FR2 is 8/8.5 µs.
For a UE not capable of supporting RTD>CP, MTTD is within (CP + M1 µs) for FR1 and MTTD is within (CP + M2 µs) for FR2. Where M1 and M2 are FFS in RAN4. 

RAN1 has agreed to support RTD>CP, meaning that the specification must cater for that situation. These MTTD values directly translate to an overlap of the same length.
In RAN1#112, the following was agreed:
[bookmark: _Hlk61857909]Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the downselected alternative(s) in the specifications in case specification impact is deemed needed.

Furthermore, in RAN1#110bis-e, the following conclusion was drawn:
Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
· Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region

The above conclusion means that since the NW does not know the difference in uplink transmit timing, it cannot apply any dynamic scheduling restrictions. Essentially, the scheduling restriction would have to assume the maximum timing difference – always. Since the MTTD may be (slightly) larger than a symbol, this would mean that the NW would always have to blank two symbols:
[bookmark: _Toc135036594]A static scheduling restriction would have to avoid two symbols at every slot boundary. 
Always using such a drastic scheduling restriction is undesirable. In contrast, a dropping rule would only impact the actual overlap. Based on this, we propose
[bookmark: _Toc135036607]If UL transmissions are overlapping, the UE drops a part of one of the transmissions.
We note that there already exists a rule to handle overlapping UL transmissions in 38.213:
Excerpt from 38.213, clause 4.2:
If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot. The UE does not change  during an actual transmission time window for a PUSCH or a PUCCH transmission [6, TS 38.214].

In legacy, the reason for the overlap is that the (single) TA changes from one slot to another, which is a rather rare event. Note that the legacy rule may imply that the DMRS is dropped, which would make it impossible to receive the UL transmission in the later slot. Since the overlap will be more common for the mTRP deployment, the legacy principle may not be suitable. Instead, we propose that the earlier slot is shortened, to ensure that the UE transmits DMRS in the later slot:
[bookmark: _Ref131431728][bookmark: _Toc135036608]If UL transmissions associated with different TAs overlap, the earlier slot is reduced in duration relative to the later slot.
This would mean that the last part of the first slot is dropped, which will lead to worsened performance at reception. But since the UE cannot transmit both signals at the same time, the UE will not be able to transmit for the full duration of the two slots, and this will lead to a performance loss – there is no way to avoid that. Shortening of the first slot will impact the link adaptation, but the outer-loop link adaptation in the gNB will take care of that. Alternatively, the gNB can adapt its scheduling to avoid the overlap, which is up to NW implementation.
Proposal 14 is our preference, but the legacy dropping rule is better than no dropping rule.
Note that in legacy, there is a dropping rule for the case when the TA changes. If RAN1 cannot agree on a dropping rule for this case, which is quite similar, the resulting scheduling restriction should be captured in the specification.
2.4	Discussion of the RAN2 LS
In the LS [6], RAN2 asks the following question:
Q2: When the time-alignment timer associated with one of the TRPs of a serving cell expires, are certain UL or DL operation only impacted towards that TRP while they are not impacted towards the other TRP? If so, which UL or DL operation?
In legacy, the TA remains valid until the TA timer associated with the TAG expires. When the corresponding TA timer expires, the UE is not allowed to transmit PUCCH, PUSCH or SRS for the serving cell configured with the corresponding TAG: the UE is only allowed to transmit PRACH on the serving cell.
This concept can easily be extended to the case where the TAG is included in a TCI state: transmission of PUCCH, PUSCH and SRS is allowed only if the timer associated with the TAG in the corresponding TCI state has not expired:
[bookmark: _Toc115449321][bookmark: _Toc135036609]Transmission of PUCCH, PUSCH and SRS is only allowed if the timer associated with the TAG in the corresponding TCI state has not expired.
We propose to include this behaviour in the RAN2 LS response.
2.5	RRC parameters
Referring to Proposal 2, the first RRC parameter change that is needed is to add TAGId into TCI-State and TCI-UL-State. This lays the foundation for the entire feature.
Next, there is also an agreement in RAN1 to introduce a second n-TimingAdvanceOffset. We do not see how this could be different from the first. 
Finally, enhancements to the RACH procedure are a large part of the work in the 2TA AI. We note that the only use case that is foreseen is a contention-free RACH procedure triggered by a PDCCH order. The starting point for the RRC parameters is the IE RACH-ConfigDedicated. However, since the only use case is a PDCCH ordered RACH procedure, some of the parameters in RACH-ConfigDedicated are unnecessary: e.g., the UE is provided a mapping between an SSB index and PRACH preamble index, which is not used for a PDCCH ordered. The only thing that is needed is RACH-ConfigGeneric and ssb-perRACH-Occasion. Since this structure will most likely be used also for LTM, it may be beneficial to introduce a new RACH-configuration for this purpose:
[bookmark: _Toc135036610]Introduce a new RACH configuration dedicated to the PDCCH-ordered contention-free RACH procedure in 2TA and LTM.             
The RRC parameters are summarized in Table 1.
[bookmark: _Ref134949607]Table 1: RRC parameters for 2TA.
	RAN2 parent IE
	Parameter name in the spec
	Description

	TCI-State
	tag-Id
	Used to associate a joint TCI state with a TAG

	TCI-UL-State
	tag-Id
	Used to associate an UL TCI state with a TAG

	SSB-MTC-AdditionalPCI-r17
	RACH-ConfigPDCCHOrder
	Contains RACH-ConfigGeneric and ssb-perRACH-Occasion. Can also be reused for LTM.



Conclusion
In the previous sections we made the following observations: 
Observation 1	The absolute TA command MAC CE will include an indication of the TAG.
Observation 2	The specification does not limit the use of the absolute TA command MAC CE to MsgB.
Observation 3	The absolute TA command MAC CE can be used to send the TA to the UE for the RAR-less PDCCH order.
Observation 4	A static scheduling restriction would have to avoid two symbols at every slot boundary.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Do not design the two-TA handling on properties that are only available for multi-DCI multi-TRP transmission.
Proposal 2	The TAG ID is included in the TCI-State and TCI-UL-State.
Proposal 3	Remove the brackets around “activated” and “of UL signals/channels”.
Proposal 4	Confirm the working assumption with the following update: “A UE may report that it supports that the activated UL/joint TCI states of UL signals/channels associated to one CORESETPoolIndex correspond to both TAGs”.
Proposal 5	Associate the TAG Id with either the spatial relation or the SRS-ResourceSet/PUCCH-PowerControlSetInfo.
Proposal 6	The timing reference for any UL transmission is the reference signal in the UL or joint TCI state providing the UL TX spatial filter. If the reference signal in the UL or joint TCI state providing the UL spatial TX spatial filter is an SRS, the PL RS for the UL TCI state provides the timing reference.
Proposal 7	Reuse the RAR-less solution from LTM also for 2TA, where the absolute TA command MAC CE is used to signal the TA for the correct TAG.
Proposal 8	Support Alt1: the TAG ID is indicated as part of the TA command in RAR.
Proposal 9	The RAR for a PDCCH-ordered RACH procedure for 2TA consists of a MAC CE.
Proposal 10	additionalPCI is used as the PRACH configuration indication in the PDCCH order.
Proposal 11	A PDCCH order sent from one TRP can trigger a PRACH transmission towards either the same TRP or a different TRP also for intra-cell operation.
Proposal 12	For PDCCH order triggered PRACH transmission, pathloss calculation and spatial filter are based on the SSB indicated in the PDCCH order.
Proposal 13	If UL transmissions are overlapping, the UE drops a part of one of the transmissions.
Proposal 14	If UL transmissions associated with different TAs overlap, the earlier slot is reduced in duration relative to the later slot.
Proposal 15	Transmission of PUCCH, PUSCH and SRS is only allowed if the timer associated with the TAG in the corresponding TCI state has not expired.
Proposal 16	Introduce a new RACH configuration dedicated to the PDCCH-ordered contention-free RACH procedure in 2TA and LTM.
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